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An optimised, rapid tissue culture protocol was estab-
lished for the highly endangered Aloe polyphylla
(Schonland ex Pillans). Shoot cultures of Aloe polyphyl-
la were initiated from young shoot explants of in vitro
grown plants. The basal medium was MS medium
(Murashige and Skoog 1962), supplemented with
100mgl-1 myo-inositol, and 30gl-1 sucrose. Different
cytokinins (kinetin, zeatin and BA) singly or in combi-
nation with auxins (IBA and NAA), were tested for shoot
proliferation activity. All the cytokinins gave good shoot
proliferation. The optimal concentrations for shoot pro-
liferation of each of the cytokinins tested were: zeatin
(0.5mgl-1), kinetin (1.5mgl-1) and BA (1.5mgl-1). In combi-
nation with auxins, the optimal combinations were
kinetin/NAA (2.0/0.1mgl-1), kinetin/IBA (1.5/1.0mgl-1),
zeatin/IBA (1.0/0.5mgl-1), zeatin/NAA (1.0/1.0mgl-1),
BA/IBA (1.0/1.0mgl-1) and BA/NAA (1.5/0.1mgl-1).
Although it gave the highest number of shoots per
explant, BA (1.0–3.0mgl-1) induced hyperhydricity.
Temperature and sucrose also influenced shoot prolif-
eration. The optimal temperature was 25°C, while 30gl-1
was the optimal concentration of sucrose. Plants rooted
well in plant growth regulator-free MS medium.
Amongst the potting mixtures tested, soil:sand:vermic-
ulite (1:1:1 v/v/v) was the best, with a 98% plantlet sur-
vival.
Plants belonging to the Liliaceae are cultured for their high
medicinal and ornamental value (Vij et al. 1980). Aloe, a
member of the Asphodelaceae, is cultivated in gardens for
its succulent foliage as well as for aloin — an important drug
(Roy and Sarkar 1991). Aloe polyphylla is also known as
kharestsa (spiral aloe). It is one of the most spectacular
plants of southern Africa, indigenous to Lesotho, with a
major concentration in the Thaba Putsoa Range and Maseru
area of the Drakensberg mountains. It grows at elevations of
2 230–2 720m on steep basalt slopes with loose rock. It
thrives in areas where its roots are kept moist in summer by
a continual flow of water, where there are mostly low shrubs,
and where annual rainfall is around 1 100mm. This species
of Aloe is a succulent perennial with a rounded rosette of
75–150 mostly erect leaves measuring up to 80cm across;
arranged in five spiral rows, clockwise or counterclockwise.
The grey-green coloured leaves are egg-shaped and very
fleshy, 20–30cm long and 6–10cm broad when mature,
nearly flat adaxially and unevenly ridged abaxially, and with
rather soft, white teeth on the margin. A flowering shoot
extends 50–60cm high, branching from near the base, with
flowers crowded on the branch tips. Each flower has a nar-
row, triangular 2–3cm long bract, and a cylindrical 45–55mm
long corolla. The flowers can be pale-red to salmon-pink or,
very rarely, yellow. Flowering occurs from August through
December, peaking in September and October (Emanoil
1994). Conventionally, Aloe polyphylla is propagated both
sexually, by seeds, and vegetatively. Though it produces a
large number of seeds, only about half are viable owing to
the fact that its pollinator, the Malachite sunbird, is endan-
gered. Vegetative propagation is through offshooting of
pups, but is very rare. Aloe polyphylla, which is considered
to be highly endangered (Emanoil 1994) has been propa-
gated in vitro (Abrie and Van Staden 2001). Only BA was
employed for shoot multiplication. Although there was multi-
ple shoot production (15 shoots per culture at 1.0mgl-1 BA),
hyperhydricity was a problem and lead to the death of most
shoots. Besides BA, the effects of other cytokinins, alone or
in combination with auxins, as well as temperature and
sucrose on shoot proliferation have not been reported
before. In trying to optimise the tissue culture protocol of
Aloe polyphylla, the effects of growth regulators, sucrose
and temperature on shoot proliferation in Aloe polyphylla
were studied.
Materials and Methods
Shoots, 2–3cm long with a maximum of five leaves taken
from in vitro grown plantlets, were used as explants. The in
vitro grown plantlets were established from seedlings by
Introduction
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Abrie and Van Staden (2001). After the removal of the outer
leaves, the shoots were dipped in 1% NaOCl for 5min fol-
lowed by three rinses in autoclaved distilled water. This was
necessary, since some of the in vitro grown plantlets were
contaminated. The basal medium consisted of MS salts and
vitamins (Murashige and Skoog 1962) supplemented with
3% sucrose and solidified with 0.8% agar. The pH of the
medium was adjusted to 5.8 using 0.5 N NaCl before auto-
claving at 121°C for 20min. All cultures were placed in 25mm
x 80mm glass tubes, containing 12ml of medium. Culture
tubes were sealed with Cap-O-Test tops and were incubat-
ed at 25±2°C with continuous fluorescent (Osram L75
W/20X) light at a photon flux density (400–700nM) of
30–50μmolm-2s-1. Decontaminated shoot explants were
incubated on the basal medium supplemented with
0.1–3mgl-1 of one of the following cytokinins: kinetin, zeatin
or BA. In another set of treatments, zeatin, kinetin and BA
were each used in combination with the auxin IBA or NAA.
These growth regulators were added to the basal medium
before autoclaving. The effect of sucrose on shoot prolifera-
tion was determined in the second experiment by incubating
explants on the basal medium supplemented with 0.5mgl-1
zeatin and either 0%, 1%, 2%, 3%, 4%, 5% or 6% sucrose.
To determine the effect of temperature on shoot prolifera-
tion, cultures were incubated at either 10°C, 20°C, 25°C or
30°C. In all experiments eight replicates (shoots) were used
per treatment. All experiments were repeated three times.
After five weeks in culture, all shoots produced were iso-
lated and counted and then rooted on MS medium without
plant growth regulators, in the light. Rooted plantlets were
transferred to plastic pots each containing one of the follow-
ing potting mixtures — soil:sand:vermiculite (1:1:1 v/v/v);
sand:peat:perlite (1:1:1 v/v/v). Plantlets were first kept in the
mist house (RH 90) for four weeks before being transferred
to the greenhouse. The experiments were complete random
block designs and the data was analysed with a SAS statis-
tical package and LSD was used to test for significance at
P=0.5.
Results and Discussion
The effect of cytokinins and other treatments on shoot
proliferation
The response of explants to different plant growth regula-
tors, singly or in combination, as well as to other treatments,
varied. Both axillary and adventitious shoots were produced.
Figure 1 illustrates some of the effects.
Effect of zeatin
The optimal zeatin concentration for shoot proliferation was
0.5mgl-1 which produced an average of 7 shoots per explant
(Figure 2). Statistically this was different from the number of
shoots produced at other concentrations. Shoots were
healthy and dark green. Formation of a yellowish callus was
observed with 0.5mgl-1 zeatin (Table 1). Callus formation
increased with an increase in zeatin concentration.
Hyperhydricity was observed in about 2% of the cultures,
where concentrations of 3mgl-1 zeatin were used.
Effect of Zeatin/IBA and Zeatin/NAA
Zeatin/IBA and zeatin/NAA combinations, like other
cytokinin/auxin combinations tested, also produced healthy
shoots (Figure 3). The optimal zeatin/IBA and zeatin/NAA
combinations were 1.0/0.5mgl-1 (7 shoots per explant) and
1.0/1.0mgl-1 (7 shoots per explant) (Figure 3). Browning and
hyperhydricity were not observed (Table 1).
Figure 1: A Multiple shoot production obtained with 0.5mgl-1 zeatin;
B Absence of shoot proliferation on MS medium lacking sucrose; C
Multiple shoot proliferation with 3% sucrose; D Shoot proliferation at
10°C; E Shoot proliferation at 20°C; F Rooted plantlets on growth
regulator-free MS medium; G Acclimatised plantlets
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Effect of BA
BA gave the highest shoot proliferation response (Figure 2).
After about 15 days the base of the explants became
swollen forming adventitious buds which later developed
into shoots (Figure 1A). A yellowish callus was observed at
the base of the explants from where most of the adventitious
shoots originated. Callus formation increased with an
increase in BA concentration. BA (1.5mgl-1) in the basal
medium gave the highest average number of shoots (12
shoots per explant) (Figure 2). This was not statistically dif-
ferent from the 10 and 9 shoots per explant produced by
0.5mgl-1 and 1.0mgl-1 BA, respectively, in the basal medium.
Hyperhydricity was very pronounced especially in cultures
on media with 1.0mgl-1, 1.5mgl-1, 2.0mgl-1 or 3.0mgl-1 BA
(Table 1). Most of the shoots were stunted and light green.
Generally, cultures on media with 0.5mgl-1 or 0.1mgl-1 looked
healthier than cultures with higher concentrations of BA.
Browning occurred in about 7% of the cultures with BA.
Effect of BA/IBA and BA/NAA
Multiple shoot formation was also observed with BA/IBA and
BA/NAA combinations. The optimal combinations were
1.0/1.0mgl-1 (11 shoots per explant) and 1.5/0.1mgl-1 (nine
shoots per explant) (Figure 4). Browning was observed in
very few cultures and hyperhydricity was reduced. This was
unlike BA when used alone (Table 1).
Effect of kinetin
With kinetin alone in the culture medium, multiple shoot pro-
duction was observed (Figure 2). A yellowish callus was also
noticed at the base of the explant which tended to increase
in mass with an increase in kinetin concentration. This was
first observed in cultures with 1.5mgl-1 kinetin which proved
to be the optimal concentration for shoot proliferation (8
shoots per explant) (Figure 2 and Table 1). Callus develop-
ment was much more prolific in cultures with higher concen-
trations of kinetin (2mgl-1 and 3mgl-1). Both axillary and
adventitious shoots were formed. The adventitious shoots
originated from the base of the explants. Of all the shoots
produced in cultures with 1.5mgl-1, 2.0mgl-1 and 3.0mgl-1
kinetin, 6%, 12%, 25% were adventitious in origin, respec-
tively. Contrary to an earlier report of severe browning in
Aloe vera (Natali et al. 1990), very few cultures displayed
browning. Hyperhydricity developed sporadically in cultures
with 2mgl-1 and 3mgl-1 kinetin.
Effect of kinetin/IBA and kinetin/NAA
The addition of IBA or NAA to kinetin in the basal medium
did not improve shoot multiplication. The optimal combina-
tion of auxin and cytokinin (kinetin/NAA and kinetin/IBA) for
shoot proliferation was 2.0/0.1mgl-1 and 1.5/1.0mgl-1,
respectively, producing an average number of five and
Table 1: Effects of cytokinins (BA, Kinetin [K] and Zeatin [Z]) alone or in comination with auxins (IBA and NAA) on the growth response of
Aloe polyphylla (–  = no response; + = 1–5%; ++ = 6–20%; +++ = greater than 20%). Only the plant growth regulator combinations that result-
ed in the highest number of shoots per explant are shown
Cytokinin / Auxin concentrations(mgl-1) Mean number of shoots / explant Hyperhydricity Callus Browning
1 BA 10 +++ ++ –
1.0 BA / 2.0 IBA 11 + + –
1.5 BA / 0.1 NAA 9 ++ ++ –
1.5 K 8 – + –
1.5 K / 1.0 IBA 7 + – –
2.0 K / 0.1 NAA 5 + – –
0.5 Z 7 – + –
1.0 Z / 0.5 IBA 7 – + –
1.0 Z / 1.0 NAA 7 – – –
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Figure 2: Mean number of shoots (± SE) produced at different
cytokinin [kinetin, BA, and zeatin] concentrations
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Figure 3: Mean number of shoots (± SE) produced for Z/IBA and
Z/NAA combinations
seven shoots per explant (Figure 5). There was a sporadic
occurrence of hyperhydricity and browning. No proliferation
of the yellowish callus was noticed (Table 1).
Few basal culture media have been tested in the tissue
culture of species of Aloe, using different explants. Shoot
and meristem tip explants of Aloe have been cultured on MS
medium (Gui et al. 1990, Natali et al. 1990, Zhao 1990, Roy
and Sarkar 1991, Kawai et al. 1993, Corneanu et al. 1994,
Hirimburegama and Gamage 1995) and modified MS medi-
um (Meyer and Van Staden 1991, Richwine et al. 1995). The
number of shoots proliferated is an important factor to con-
sider when developing an optimal tissue culture protocol. In
this study, the presence or absence of certain plant growth
regulators influenced the number of proliferating shoots.
Results also showed that a high level of cytokinin (2mgl-1
and 3mgl-1) did not improve shoot multiplication (Figure 2),
but usually promoted callus formation at the base of
explants. BA which showed the best shoot proliferation
potential was associated with hyperhydricity, and most of the
shoots formed were stunted. Hyperhydricity was observed in
cultures with >1.0mgl-1 of BA. BA is known for its hyperhy-
dricity-inducing tendencies in shoot cultures (Leshem et al.
1988, Li et al. 1997, Tsay and Drew 1998, Thomas et al.
2000). Kinetin and zeatin also showed high shoot prolifera-
tion activity. Unlike BA, the shoots were elongated and
hyperhydricity was very low, occurring sporadically only in
cultures with >2mgl-1 zeatin or kinetin.
In this study all the cytokinins, singly or in combination
with IBA or NAA, showed multiple shoot production.
Previous workers reported that cytokinins alone or in combi-
nation with auxins positively influenced shoot proliferation in
Aloe species but that combinations of cytokinins and auxins
were better than cytokinins alone with respect to shoot pro-
liferation (Natali et al. 1990, Roy and Sarkar 1991,
Hirimburegama and Gamage 1995, Feng et al. 2000). Only
Richwine et al. (1995) reported multiple shoot production for
Aloe vera and Aloe harlona with kinetin or BA in the basal
medium (Gui et al. 1990, Natali et al. 1990, Roy and Sarkar
1991, Hirimburegama and Gamage 1995, Richwine et al.
1995, Feng et al. 2000). In contrast, kinetin alone in the
basal medium yielded better results than when used in com-
bination with either NAA or IBA with regards to shoot prolif-
eration. 
Browning was not a severe problem since the explants
used were young shoots. This might be because juvenile tis-
sues either tend to have a greater capacity for recovery
(Murashige and Skoog 1962) or produce less phenols (Roy
and Sarkar 1991). 
Effect of sucrose
Carbohydrates are generally added to culture media to
serve as carbon and energy sources for the initiation of
shoot primordia and their subsequent development (Thorpe
and Murashige 1968, 1970). They also regulate the external
osmotic potential. Even after five weeks there was no prolif-
eration of shoots by the explants in the absence of sucrose.
However, the explants did not die. These results were
obtained irrespective of the presence or absence of 0.5mgl-1
of zeatin in the medium. With 1% of sucrose in the basal
medium, after about 30 days of incubation, shoot prolifera-
tion was observed. An average of two shoots per explant
was obtained (Figure 6). When the sucrose concentration
was increased to 3%, there was an increase in the number
of shoots produced (seven shoots per explant) (Figure 1C),
but there was no significant difference in the number of
shoots obtained when the sucrose concentration was
increased further to 4% (Figure 6). However, when the con-
centration was increased to 5% and finally 6%, a negative
effect on shoot proliferation was observed. The regeneration
of shoots at these levels (3% and 4%) of sucrose could be
due to increased metabolism and growth of the tissues
(Thorpe and Murashige 1968, 1970).
Effect of temperature
Previous workers have shown that temperature is one of the
deciding factors for shoot multiplication and growth
(Fonnesbech et al. 1979, Pierik et al. 1988, Horn et al. 1988,
Meyer and Van Staden 1991, Puddephat et al. 1997). At
10°C, with zeatin (0.5mgl-1) in the medium, shoot prolifera-
tion was nearly zero (Figures 7 and 1D). This same result
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Figure 4: Mean number of shoots (± SE) produced for BA/IBA and
BA/NAA combinations
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Figure 5: Mean number of shoots (± SE) produced for K/IBA and
K/NAA combinations
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was also obtained when zeatin was substituted with either
BA (1.5mgl-1) or kinetin (1.5mgl-1). When cultures were incu-
bated at 20°C, shoot proliferation increased sharply for all
cytokinins in the medium (Figure 1E). The optimal tempera-
ture for shoot proliferation activity with BA in the medium
was 25°C. However, with zeatin or kinetin in the medium, the
number of shoots produced at 20°C and 25°C, respectively,
were not statistically different. At 30°C, shoot proliferation
activity was generally inhibited irrespective of the cytokinin
in the basal medium. The few shoots produced at this tem-
perature (30°C), were light green and shorter in length com-
pared to shoots obtained in cultures incubated at 20°C or
25°C. Maintaining in vitro cultures at a relatively high tem-
perature reduces the efficacy of cytokinin which is principal-
ly responsible for shoot regeneration (George 1993).
Rooting
The results of various experiments carried out on rooting
showed that it is best achieved on full strength MS
(Murashige and Skoog 1962) medium (Figure 8) without
plant growth regulators (Figures 9 and 10). Since rooting is
generally believed to be enhanced by auxins, it appears that
the level of endogenous auxins in this species is therefore
high enough to promote it. Previous studies on various
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Figure 6: Mean number of shoots (± SE) produced at different
sucrose concentrations
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Figure 7: Mean number of shoots (± SE) produced at different tem-
peratures with different cytokinins [BA (1.5 mgl-1), zeatin (0.5 mgl-1)
and kinetin (1.5 mgl-1)]
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Figure 8: Mean number of roots (± SE) produced at different
strengths of MS medium
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Figure 9: Mean number of roots (± SE) produced at different con-
centrations of NAA
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Figure 10: Mean number of roots (± SE) produced at different con-
centrations of IBA
species in the Liliaceae also showed that they form roots in
a hormone-free medium (Natali et al. 1990, Roy and Sarkar
1991, Richwine et al. 1995). Plantlets commenced rooting
within the first two weeks of incubation. Subsequently, root-
ed plantlets (Figure 1F) were planted into three different pot-
ting mixtures and were successfully acclimatised in the mist
house for about four weeks before being transferred to the
greenhouse (Figure 1G). Of all the potting mixtures
employed, the soil:sand:vermiculite mixture (1:1:1 v/v/v)
gave the highest survival (98%) of plantlets. Aloe polyphylla,
therefore, survives better in a well aerated and drained soil
mixture. It was also observed that mist house acclimatised
Aloe polyphylla plants needed to be kept in at least a 70%
shaded greenhouse for about six weeks to avoid direct sun-
light. Acclimatised plants (about eight months old) have so
far not shown any physical aberrations.
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